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A  STUDY  OF   THE  ADSOHPTIOIJ  FROM  SOLUTIOII  FROM  THE 
STAIIDPOIIJT  0?  GilPILLARITY 


IIITRODUCTIOII 

By  solubility,  one  ordinarily  means  the  naximxm  amount 
of  a  pure  substance  that  another  pure  substance  has  the  po"/er 
oT  assimilating  homoo:eneou3ly,  under  given  conditions  of  pres- 
su.re,  tem:nerature  etc.   That  is  to  say,  we  look  upon  a  sub- 
stance -  say  a  linuid  -  as  having  a  certain  "power"  to  tahe 
up  another  substance  to  form  a  homogeneous  solution.   A  little 
thought,  however,  leads  us  to  the  fact  that  solubilities,  as 
ordinarily  expressed  in  tables,  do  not  give  us  any  idea  as  to 
tlie  magnitude  of  this  particular  "power"  in  question  for  a 
pure  substance;  for,  as  soon  as  some  molecules  of  A  are  tahen 
up  by  B,  then  the  "solution  power"  is  not  a  characteristic  of 
pure  3,  but  of  B  cont-_.ining  some  A.   A  little  later,  as  equi- 
libriujn  is  being  approached,  the  solution  power  is  character- 
istic of  a  still  different  system.   Tims,  solubility  as  it  is 
usually  expressed,  gives  us  the  magnitude  of  a  very  complex 
function. 

We  may  nov;  ash  the  question:   '.'/hat  v;ouid  be  the  solubility 
of  3  in  A,  provided  once  the  molecules  of  3  arrive  in  A  they 
have  no  longer  any  effect  v/hatsoever  upon  molecules  of  B,  - 
that  is  to  say,  provided  the  thermodynamic  environment  of  A 
remains  constant?   In  other  ^■;ords,  this  would  be  correcting: 


the  ordinary  sol^l■bility  value  for  the  amount  oi'  solute  -.vhich 
is  attracted  into  a  solution  by  the  solute  particles  already 
in  the  solution.   In  this  light,  it  would  he  expected  that 
liqxiids,  for  example,  which  are  considered  as  infinitely 
niscible,  have  really  a  definite  tendency  to  dissolve  in  each 
other. 

Just  how  this  oTiantity  might  "be  measured  will  be  explained 
below  from  the  standpoint  of  certain  adsorption  formulae.   V/e 
shall  call  this  new  value  for  solubility,  tiien,  the  "solution 
power''  or  3  ,  although,  as  will  be  seen  below,  it  is  sometimes 
rather  difficult  to  ascribe  a  definite  physical  meaning  to  this 
quantitj;-. 

It  is  well  ltno\rn  tiiat  liquid  in  a  capillary  tube  has  very 
different  physical  properties  from  t^io  liquid  as  it  ordinarily 
exists  with  a  plane  siirfaco.   Having  a  concave  upwards  surface, 
tlie  vapor  pressure,  as  well  as  the  solubility  (or  tendency  to 
dissolve)  is  much  lower.   IIov/  t'lere  is  much  evidence  to  war- 
rant the  belief  that  silica  gel  consists  of  very  fine  pores  , 
tliat  it  is  nothing  but  a  net-v/oric  of  capillaries.   A  substance 
such  as  water,  wliich  wets  this  gel,  w::en  in  the  capillaries 
would  have  a.less  solubility  in  some  other  liauid  than  if  the 


1.  Patrick  &  IIcG-avach,   J.  Am.  Chem.  ooc.  42,  946  (1920) 


water  were  merely  allowed  to  dissolve  in  this  liquid  from  a 
plane  surface.   Or,  what  is  sayinr:  the  same  thing,  ii  a  solu- 
tion 01  water  in  some  liquid  should  he  subjected  to  a  capil- 
lary system  such  as  silica  gel,  a  certain  amount  of  the  7/ater 
would  he  "adsorhec""  in  the  capillaries  of  the  gel.   That  is 
to  say,  a  new  phase  separates  out,  and  thus  the  concentration 
in  the  original  phase  is  much  lov/er  than  hefore  the  capillary 
system  7/as  applied.   Ijiowing  this  "lower"  concentration,  it  is 
then  posslhle  to  calculate,  by  certain  adsoi-ption  form.uale,  the 
value  of  the  theoretical  quantity  -  S^  . 

If  the  above  ideas  be  correct,  not  only  do  miscible  liquids 
have  a  difinite  "solubility"  in  each  other,  but  liquids  show- 
ing a  critical  solution  tem.perature  shon.ld  sjiow  "adsorption"  - 
as  above  defined  -  at  temperatures  somewhat  above  the  critical 
sol;.ition  temperature.   In  other  words,  in  capillaries,  critical 
solution  temperatures  are  higher  than  those  ordinarily  ^iven. 
This  TDoint  will  be  considered  in  detail  later. 
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TH30E3TICAL  COHoIDSHATIOlwS 

Patrick  and  L'cGavac/:-^  have  explained  the  adsorption  of 
siiliiu-  dioxide  Vj   silica  gel  on  the  "basis  of  the  empiric 
relation 


\^o 


where 


V  =  volume  of  liquified  sulfur  dioxide  per  gran  gel 

P  =  pressure  of  siilfiir  dioxide  at  equilibrium 

Pq  =  saturation  pressure  at  the  temperature 

Cf   =  surface  tension  at  the  temperat'are 

This  relation  has  been  subsequently  fo;md  to  hold  for  the  ad- 
sorption of  arxionia,  carbon  dioxide,  butane,  nitroiis  oxide, 

2 
and  also  for  the  solution  of  amr.ionia  in  v/ater  .   In  all  cases 

y/e  have  merely  a  liquid  filling  up  the  pores  of  a  nujnber  of 
capillary  tubes.   In  the  case  of  ammonia  in  water,  the  arnLionia 
is  considered  as  existing  as  a  liquid  when  in  "solution''  in 
Y/ater. 

Considering,  however,  adsorption  (or  capillary  condensa- 
tion) not  from  a  gas  -  where  the  vapor  pressure  in  the  capil- 
laries is  lowered  -  but  of  a  solute  from  a  solution  where  the 


1.  Log.    cit. 

2.  ITetihausen  ^  Patriclc,    J.    Phys.    Chem.    25,    695    (1521) 


-5- 


solubility  is  lowered,    our  formtila  v/oiild   read,    analogoxisly 

•^0 

where  S  is  the  equililDrivm  concentration  in  the  original  phase, 
and  3  is  the  theoretical  quantity  above  discussed.  It  is  to 
be  expected  that  S^  would  be  less  than  the  ordinary  solubility 
inasnuch  as  the  solute  particles  in  tlae  solvent  are  considered 
as  having  no  more  effect  on  other  solute  particles  in  the  sol- 
vent, as  explained  before. 

The  analogy  between  solubility  and  pressure  an^-  be  made 
clear  by  the  follov/ing:  in  a  capillary  tube,  a  liquid  is 
capable  of  existing  under  a  vapor  pressure  nuch  less  than-  the 
ordinary  vapor  pressure  over  the  liquid  at  the  ter.iperature ; 
likewise  in  a  capillary  tube,  a  liquid  can  exist  in  contact 
with  a  solution  of  it  in  some  solvent,  v;hich  solution  is  of  a 
nuch  less  concentration  than  would  be  attained  ordinarily  v;ith 


0  • 


siderec  as  "analogoiis"  to  P^ 

It  may  be  argued  that  S^  shou.ld  come  out  as  ordinary  solu- 
bility, inasmuch  as  gas  lav/s  apply  to  solutions.   This  may  be 
the  case  with  liquids,  then,  w?iich  are  only  very  slightly  nis- 
cible;  but  with  the  liquids  used  below,  namely  n-butyl  alcohol 
and  water,  t;:3  water  dissolves  in  the  alcohol  to  the  extent  of 
2C/J.   .7ith  liquids  slightly  misciblo,  the  value  of  3   as 
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found  above,  should  be  nearer  to  the  ordinary  solubility 
than  in  the   case  of  liquids  v/liich  are  niscible  in  larj-e  pro- 
portions.  Lihev.dse,  S^  of  liquids  niscible  in  "all"  pro- 
portions, would  be  still  further  away  from  the  ordinary  solu- 
bility which  in  the  latter  case  would  be  infinity. 

How,  before  the  above  formula  v/as  applied  to  the  system 
n-butyl  alcohol  -  v/ater  in  order  to  solver  for  S^,  it  was  fir 
necessary  and  advantageous  to  obtain  the  formula  from  theo- 
retical considerations.   A  very  rig-orous  formula,  similar  to 
the  above,  can  be  obtained  by  the  com.bination  of  two  other 
formulae.   The  relationship  upon  which  tj-.e  empiric  formula 
written  above  is  really  based,  is  tiie  familiar  capillary  - 
radius  -  pressure  form.ula: 

,,I^  -_     2  .  i:         

P       D^  r  RT 
derived  fromi  thermodjmamics.   Mere 

?  =  vapor  pressure  over  flat  surface 

P  =  vapOr  pressure  over  curved  surface 

^  ~  surface  tension 

M  =  molecular  weight 

D  =  density  liquid 

r   =   radius  of  capillary  (or  radius  of  curvature) 

' '  '■  '  \ ') 
R   =   gas  constant  in  dynes--4(|.,_-«m.  per  degree 

T   =   absolute  tem."oerature 


The  vapor  is  assumed  to  obey  tlie  gas  laws. 
A  more  rigorous  equation  is: 

a  cr  II 


RT  D£  In  _2.  -  P^LI  '•'    PM 


(2) 


llov;  tliese  formulae  could  "be  related  to  the  voluries  oi" 
liquids  adsorbed  by  capillaries  if  we  knew  the  realtion  between 
the  volume  and  the  radius.   Inasmich  as  the  pores  or  capil- 
laries of  silica  gel  are  considered  conical,  we  do  not  have  a 
system  of  constant  radius.   A  more  or  less  general  relation- 
ship would  be 

V  r  i:  r'*^    (S) 

Thus  for  each  volume  of  liquid  adsorbed  per  gram  of  gel 
fV)  there  would  correspond  a  certain  radius.   It  must  be 
remembered,  ho-.vover,  that  witli  silica  gel,  this  represents 
an  "average"  radius,  inasmuch  as  we  have  conical  pores. 

Nov/  from  the  above  expression  we  obtain  the  variation  of 

the  volume  with  the  radiixs, 

Z  ^"' 
d  V  =  n  ^     dr (4) 

and  from  equation  (l)  we  obtain  the  variation  of  the  vapor 
1.   Anderson,   ^eit.  Phys.  C]:em.   88,  191  (1914). 


pressure  v/ith  the   radius, 

.      -p.  1 

"^^   -  (6) 


Conbining   equation    (4)    and    (5)    vie   Glirninate  dr,    and  obtain 


which  upon  integration  gives 

-^     r 

ir - -  _  C         e  =  (integration  constant}r--  (7) 


':Ihen   ?  r  -Q  we  have  saturation,  and  the  volume  then  is  eqvial 

to  the  total  internal  volume  oi"  the  gel  (Vq)  . 
Tlierefore 

C   =  vj^  and 

represents  the  complete  relation  "between  ?  and  V. 

According  to  the  more  ritorous  llinlcowski  formula  (E),  the 
realtion  is  ^,   ^, 
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Inasnuch  as  Z   is  very  large,  the  last  term  can  always 
he   nen-lected  as  v/ill  be  shown  later  in  the  calculations.   IC 
also  appears  in  tlie  first  term  on  the  right,  but  here  R  is 
also  very  large  (8.5  x  lo''')  . 

This  formula  (8)  can  now  be  tested  by  results  on  tlie  ad- 
sorption of  sulfur  dioxide.  In  order  to  see  if  IC  and  ^  are 
constant,  r  is  first  found  from  equation  (1),  slightly  trans- 
formed: 

P    _    2  (T   LI  10 '^(.4545)     (^.O) 

%  RT  log  ?/?^ 

The  factor  10'  is  used  in  order  that  r  may  be  expressed  in/-'y 

Values  of  log  P/-q  v/ere  ta}:en  from  article  by  Patrici:  and 

n  1 

IIcG-avaclc-^  from  Y/hich  n  and  K   are  foimd. 


iOC.  cit.  n,  976. 
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^ABLa  I 


log     f 

*0 

log  V 

Temp. 

r(/JAO 

1 
n 

K  X  10~^ 

1.06711 
1.22883 

1.21380 
1.28652 

30° 
(      near 
saturation) 

0.41 

.879 

.644 

1.16702 
1.08077 

1.25355 
1.21436 

40° 
(      near 
saturation] 

0.41 

.915 

.724 

2.50189 
2.41060 

2.80302 
2.75343 

100° 
{      near 
saturation) 

0.10 

1 .  930 

18.545 

2.06453 

3.33415 

2.73466 
2.39811 

30° 
(far  from 

saturation] 

0.19 

2.420 

13.806 

1.70435 
1.4S337 

1.57984 
1.49483 

-   54° 

near 
saturation 

2.57 

0.363 

0,359 

Here  in  a  typical  case 

R  2   83,156,000  dynes-de,3ree 
D  =  1.3556  at  30° 
T   r  303 

cr    s  22.75  dynes/cn. 
M  =  64 
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?rom  the   a^bove   table,    it   is  noticed,  that   the  values   oi' 
i.  and  Z  are  not   sucli  as  to  warrant   their  xisQ   as   constants.      A 
calculation  v/as   also  made  tisinr:  tiie   estra  tern  oi   the  more 


rigorous  IIinl:oi7Sl:i   formula    (S),    \7ith  the   result  that  £     came 

n 


1 
n 

out  to  he    .921  instead  oi  .916  for  the  40"^  e:cneriment,  show- 
ing that  it  will  not  be  necessary  to  use  this  term,  considering 
tiie  great  complexity  of  the  problem. 

Inasmuch  as  the  pressure  -  radius  formula  is  a  thermo- 
d^mamic  one,  it  was  thought  that  probably  the  volume  -  radius 
relation  assumed 

migjit  not  correctly  represent  the  state  of  affairs  in  silica 
gel.   in  order  to  see  the  realtion  between  the  internal  vol- 
ume of  the  gel  and  the  radius,  values  of  voliuaes  of  sulfur 
dioside,  butane,  and  water  adsorbed  per  gram  gel  (found  by 
dividing  mass  adsorbed  by  the  density  of  the  liquid  at  the 
tem.peratiire)  were  plotted  against  the  radii  as  foiuid  from,  the 
pressures,  corresponding  to  the  above  volumes,  bj/i  means  of 
equation  (10) . 

The  results  of  these  calciLLations  are  given  in  tJie  fol- 
lowing table  and  curves,   I'he  sulfur  dioxide  data  are  tahen 

"I  2 

from  Patricii  and  I.IcGavack  ,  the  butane  results  from.  Long  and 

the  water  results  from  Opdyche^. 


1.  X.OC.  cit. 

2.  J.    6.   iiong,   J.  H.  J.  Dissertation,  1922 

3.  -J.  PI.  Opdyche,  J.  H-    U.  Dissertation,  192;2 
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TABLE  II 


Substance 


1  erap . 


Ion: 


r(./>) 


V(cc)  ''ater 

content 
J?  el 


Stilfur  dioxide 


300  5.33415 
2.C6453 
2.37194 
2.60706 
2.83983 
1.06711 
1.22883 
1.30301 

-80°  2.16946 
"  2.81895 

1.27300 
1.53988 
1.71728 
1.97460 

100°        2.03643 

"  3i.  27363 

2.41060 

2.50189 

-540        3.65610 

2.67313 

"  1.04748 

1.29832 


0.1389 

0.1913 

0.2274- 

0.2658 

0.3191 

0.3969 

0.4801 

0.5512 

0.5186 

0.8009 

1.3011 

2.0555 

3.3457 

3.7240 

0.0760 

0.0864 

0.0939 

0.0996 

0.3245 

0.5733 

0.7986 

1.0841 


.0250  4.87% 

.0543 

.0771 

.1008 

.1294 

.1636 

.1934 

.2096 

.0885  " 

.1735  " 

.2595 

.3193  " 

.3629 

.4035 

.0310  " 

.0450 

.0567 

.0655 

.0570 

.1497 

.2019 

.2618 


-l; 


TASL2  II    (con't). 


■D 

.7ater 

Jul)  stance 

Temp. 

log  ^5~ 
'•o 

r(y^/") 

V(cc) 

content 

-el 

oiLlfur  dioxide 

-54° 

1.4C:557 

1.5015 

.3125 

4.87% 

It 

tT 

1. 704S5 

2.5730 

.3801 

II 

Butane 

30° 

2.41274 

0.2436 

.  0305 

O.OSfb 

" 

" 

1.10010 

0.4297 

.0949 

■' 

" 

" 

1.46047 

0.7168 

.1836 

It 

" 

" 

3.85248 

C.1801 

.0145 

1.96fo 

" 

" 

2.7856^ 

0.3188 

.0594 

" 

It 

It 

1.45038 

0.7037 

.1917 

3.77;S  a.^U-> 

II 

" 

2.29686 

0.2271 

.0223 

II 

" 

1.11221 

0.4557 

.0873 

It         '1  ■    '  ■ 

" 

" 

1.45637 

0.6706 

.1749 

^  •  >  • 

II 

100° 

2.06562 

C.0657 

.0081 

tt 

2.65659 

0.0925 

.0266 

It 

11 

2.74599 

0.1014 

.0321 

•vif  : .. 

., 

0° 

L 52205 

0.3644 

.0449 

1 

•■ 

1.18614 

0.6619 

.1587 

"l     |; 

It 

„ 

1. 62957 

1. 4510 

.3542 

'.  ^i; 

It 

„ 

1. 85653 

5. 7540 

.4520 

.Vater  vapor 

30° 

2.96379 

0.4290 

.0640 

II 

„ 

1.14613 

0. 5210 

.0820 
.2180 

" 

.. 

1.53448 

1.2170 

-    .-■ 

It 

" 

1.67394 

1.3650 

.  2340 

'  -^.i-' 

IT 

" 

1,76938 

1.9290 

.2690 

-'■ 

-' 

" 

1.82006 

2.4840 

.2790 

,  T  mi- 

^  3el^^    ^ 
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T-  T   T         .                               1          ■  t       1 
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' 
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A  glance  at  the  above  data  and  accompanying  curves  shows 
many  interesting  and  significant  relations.   I'irst  of  all  it 
shov/s  that  the  curves  cannot  "be  represented  by  the  relation 

V  ;  Z  r^ 

■until  the   radi-.is  reaches   the   valne   of  about    .5/^^   .      Before  thii 
is   reached,    tlie   cxrrves  have  the  fori;i 

V  -  i:  r^ 

Thus  the  complete  curves  would  require  at  least  a  cubic  equa- 
tion,  llov/,  the  s/iape  of  tlie  curves  is  tliat  which,  upon  the 
basis  of  tlie  supposed  structure  of  the  gel,  would  be  expected. 
At  very  lo?/  volumes,  the  capillary  effects  are  very  powerful, 
but  the  voluiaes  corresponding  to  tiie  radii  v/ould  be  very  small 
-remembering  that  v/e  have  a  conica  "tube".   As  wc-  fill  up  the 
Y  shaped  capillary,  the  volumes  become  larger,  but  the  capil- 
lary powers  are  becoming  less,  so  that  the  curves  eventiially 
turn  parallel  to  the  r  axis,   "'urthermore,  the  curves  all  are 
"aiming"'  at  a  value  of  about  .4  cc  for  V,  whici:  is  the  value 
of  th.e  internal  voliLme  of  the  gel  as  found  by  Pat  rich  and 
..-cGavac^;. 

Of  coiirse,  if  all  the  siibstances  adsorbed  are  really  lique- 
fied in  the  capillaries,  all  tliese  curves  should  coincide,  re- 
gardless of  temperature.   That  the  v/ater  content  of  the  gel 
has  practically  no  effect,  is  seen  by  the  values  for  butane  at 
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30°  with  grels  of  three  different  v/ater  contents.   These  three 
ciirves  coincide. 

■■-Tien  wo  make  the   statement  that  these  curves  should  all 
coincide,  it  must  be  renern'bered  that  this  is  made  under  the 
assumption  that  the  physical  properties  of  a  liquid  in  a  cap- 
illary are  the  same  as  with  the  liquid  under  ordinary  con- 
ditions, inasm.uch  as  r  is  calculated  by  formula  (10)  which 
involves  surface  tension,  density  and  m.olecular  weir^ht.   That 
these  properties  suffer  no  change  in  a  capillary  is  probably 
not  the  case. 

Let  us  asl:  the  question  now:   7/hat  factors  would  it  be 
possible  to  chanj-e  in  order  to  bring  these  curves  together? 
Considering,  for^ nonce,  the  curves  as  they  exist  at  the  lower 
volumes  (say  below  Y  =  .2  cc),  it  is  seen  that  any  factor 
v/h.ich  increases  r  or  decreases  Y  more  at  high  tem.peratures 
than  at  lo?/,  would  tend  to  bring  the  curves  closer  together. 
V  itself  is  calciiJLated  by  ti.e  use  of  one  factor  only,  that  is 
density.   If  we  postulate  tliat  the  density  is  less  in  the 
capillary  (i.e.  that  we  have  a  decrease  in  internal  pressure 
or  pull  upy/ards),  then  the  volume  would  be  greater,-  b;it  at 
tlie  same  time,  since  the   density  term,  occurs  in  the  denomi- 
nator of  equation  (io),  the  radius  would  also  be  greater.   V/ith 
this  dual  effect  of  density,  it  is  hard  to  predict  wliat  the 
sum  total  effect  of  a  lower  density  would  be  on  the   curves. 
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Lloreovsr,  it  can  "be  shov/n  tliat  the  cbange  of  density  with 
moderate  changes  of  pressure,  such  as  we  woiild  expect  fron 
the  capillary  forces,  is  small.   This  prediction  is  hasecl  on 
the  calciilation  that  the  conpressihility  of  the  liquid  is 
independent  of  the  direction  of  change  of  internal  pressure. 

If  v;e  postulate  soluhility  of  tlie  substance  in  the  water 
of  the  gel,  this  gives  lis  a  v/rong  correction,  since  the  cor- 
rection applied  to  V  would  be  less  at  high  temperatures  than 
at  low. 

ohould  non-liqu.ef action  be  postulated,  we  again  come  into 
difficulty,  inasmuch  as  at  high  temperatures  there  v/ould  be 
more  non-liquefaction  than  at  low,  and  therefore  a  greater 
voliimo  correction  increase  at  higher  temperatures  than  at  low. 

Possible  pol2/merisation  in  the  capillaries  does  not  bring 
us  near  the  solution  of  the  problem,  inasmuch  as  tlie  effect 
would  be  m;ich  greater  at  low  temperatures  than  at  high,  and 
therefore,  since  II  occurs  in  the  numerator  of  equation  (lO), 
r  would  be  corrected  more  at  low  temperatures  than  at  high, 
and  the  curves  would  be  still  farth.er  apart. 

An  increase  in  the  si::e  of  the  pores  would  give  us  the 
proper  correction,  but  it  is  iiard  to  imagine  that  the  gel 
structure  changes  sufficiently  over  the  temperatures  used. 
Gels  can  be  heated  over  3C0°G.  for  great  lengths  of  time  v/ith- 
out  changing  tiieir  adsorptive  power  or  water  content. 
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ITlien  we  come  to  surface  tension,  hov/ever,  we  have  a 

factor  which  no  doubt  causes  nuoh  of  the  trouble.   Assuming 
a  change  in  the  surface  tension  of  the  lic^uid,  two  general 
influences  nay  operate.   Tirst,  for  equal  voluraes  adsorbed 
there  is  a  greater  pressure  above  the  liquid  in  the  capil- 
lai*y  at  the  higher  ter.iperatures.   Uov;,  tjiere  bein-;:  more  mole- 
cules in  the  vapor  phase,  these  would  tend  to  attract  the 
liqu-id  molecules  and  decrease  the  surface  tansion.   In  order 
to  roughly  estimate  this  effect,  let  us  assume  liquid  sulfujr 
dioxide  in  contact  v/ith  its  va;''or  at  two  different  temperatures 
where  the  same  voluxie  is  adsorbed  (giving  same  sized  capillar- 
ies).  In  these  two  system^s,  th.e  pressure  over  the  liquid  at 
the  higher  temperature  is  obviously  much  greater.   Prom  those 
corresponding  pressures,  calculate  the  concentration  in  mols 
per  litre  of  the  gaseous  phase.   Also  calcxilate  the  concentra- 
tion in  mols  per  litre  of  the  llqiiid  phase  (hnowing  density 
and  molecular  weight) .   As  the  pressure  above  the  liquid  be- 
comes greater  and  greater,  the  surface  tension  becomes  l^ess   - 
and  less,  until,  when  the  concentration  of  the  vapor  is  eotial 
to  that  of  the  liquid,  the  surface  tension  is,  obviously,  zero. 
IIov/  plot  the  surface  tension  against  the  concentration,  in 
mols  per  litre,  of  the  gaseous  phase.    The  results  of  this 
calculation  witi:  sulfur  dioxide  at  30°  and  100°  are  given  in 
graph  II  and  table  III. 
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TABLS  III 


Temp. 

p 
(cm) 

C 

(rnols  litre) 

G 
(mols   litre) 

(7 
(assTJiiied  in 
vacuo        ) 

3C^ 
100° 

549.6 
2114.3 

.00018 
.00090 

21.18 
17.36 

22.75 
9.25 

By  an  inspection  of  the  cixrves,  one  sees  that  a  compara- 
tively 3:;iall  concentration  in  the  gaseous  phase  of  .0009  nols 
litre  would  lower  the  siurface  tension  only  to  an  infinitesimal 
e:ct  ent . 

This  leaves  the  fact  that  the  surface  tension  must  be 
different  solely  on  accomit  of  the  capillary  effect  itself. 
This  is  extremely  probahle;  for,  if  condensation  does  ta!;e 
place  in  a  capillary  at  a  pressure  below  the  ordinary  satu- 
ration riressure,  it  follov/s  that  the  critical  tem.perature  in 
a  ca:^illary  is  higher.   If  the  critical  tem.perature  of  a  sub- 
stance is  raised,  the  sxirJace  tension  must  correspondin.^'ly  be 
raised,  inasmuch  as  the  tem.perature  -  surface  tension  function 
cuts  tlie  teraperatu.re  axis  at  the  critical  temperature. 

This  raisi*^  effect  of  surface  tension  v/oixld  much  more 
than  counterbalance  the  very  small  pressure  effect  before 
described  which  worlzs  djaj^ositely.   furthermore,  this  correetion 
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is  in  the  riglit  order,  for  (T  occurs  in  the   munerator  of 
equation  (10),  and  thus  the  radii  woiild  "be  greatly  increased. 
It  is  hard  to  say  whether  this  effect  (for  equal  volimes  - 
or  equal  capillary  environment)  would  "be  greater  at  low  or 
high  ten:peratures.   If  a  strai-rht  line  function  "between  A  (v, 
and  T  is  assumed,  it  loolcs  as  if  the  correction  woiild  be  in- 
dependent of  tlie  temperature.   This  v;ill  "be  considered  later 
under  the  suhject  of  the  critical  solution  tem.perature. 

Hov/ever,  that  the  radii  would  com.e  out  larjrer  is  an  in- 
dication of  the  correctness  of  the  above  assuj-nption,  since 
it  has  always  been  hard  to  harmonize  capillary  condensation 
in  tubes  which  are  verj/  near  to  atomic  dim.ensions. 

The  conclusion  of  the  above  considerations  of  the  V-r 
curves  is  that  the  density  or,  more  important,  t:ie  surface 
tension  of  a  liquid  is  different  in  a  capillary  tube  than  on 
a  plane  surface. 

It  is  now  apparent  that  it  would  be  futile  to  combine 
equation  (10)  with  some  general  assumed  Y-r  relationsiiip, 
since  t/.e  V-r  curves  are  so  far  apart  and  the  final  equation 
would  be  burdened  with  too  many  constants  by  virtue  of  the 
fact  tiiat  a  cubiE  equation  would  have  to  be  used  to  relate 
V  and  r  throughout  the  entire  range. 
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In  order  to  solve  for  Sq,  therefore,  in  the  follov/in,^ 
ext^eriments  v/ith  adsorption  oi"  v/ater  fron  "butyl  alcohol,  V^go 
will  he  foiind  exoerinentally,  and  from  it  a  value  of  r  ac- 
cordinp;  to  the  v/ater  va^or  curve  (Graph  I),  which  will  he  as- 
sumed to  represent  the  true  state  of  affairs,  inasmuch  as  we 
are  here  also  dealin.^-  with  water.   Trom  this  value  of  r,  Sq 
will  be  found  hy  the  eouation 


2  Lie  1C'7(. 4545] 
Dr    II  T  r 


log -°  = (ii; 
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n-Butyl  alcohol  and  water  '.vere  -ased  because  these  liquids 
are  miscible  in  each  other  to  the  extent  of  abou-t  2C'/j.   In 
eicperinents  hitherto  r.ade,  adsorption  has  heon  studied  v;ith 
liquids  niscible  in  all  proportions.   The  latter,  oi'  course, 
will  give  a  val-ae  oi"  3^,  as  will  be  seen  below,  but  this 
could  not  be  compared  witii  any  existing  finite  value  of  solu- 
bility, -  that  is,  there  would  be  no  definite  sattiration  con- 
centration. 

The  fteneral  procedure  follov;ed  consisted  of  treating 
soliitions  of  hnov/n  concentration  of  water  in  butyl  alcohol- 
ranging  froni  zero  to  about  fifteen  percent  water  -  with  a 
certain  ar.ioimt  of  gel,  and,  after  equilibriur.  was  attained, 
analyzing  the  solution  for  water  to  determine  Viie   equili- 
brium concentration  as  well  as  the  amoimt  of  water  ta]:en  up 
per  gram  of  gel. 

The  gel  was  prepared  as  usual,  and  a  granular  form  \\sq& 
which  passed  through  a  12  and  v/as  retained  by  a  16  mesh  sieve. 
The  water  content  was  determined  "bj   heating  to  constant  weight, 
and  found  to  be  5.2fi.   This  gel  y/as  Icopt  in  a  well  stoppered 
separatory  funnel  arranged  for  delivery  into  a  narrow  mouthed 
flash  v/hich  contained  t'le  solution.   Ths  same  gel  was  used 
througliout  the  follovLdng  experiments,  and  was  kept  in  a 
desiccator. 
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n-Butyl  alcohol  was  o"btained 
from  tiie  Comnercial  oolvents  Com- 
pany, and  iractlonet  to  remove  the 
water.   The  fraction  talzen  was  that 
"boiling  iDetween  116.2*-*  -  116.6°  at 
77D.5  mm.  pressure,  accord inp"  to  the 
va^-'or  pressure  curve  given  by  Landolt- 
Bbrnstein.    ±he   method  of  analysis 
used  was  t:ie  determination  of  the 
specific  gravity  of  the  aqueous-  al- 
coholic solution  hy  means  of  an 
Ostwald  pyhnometer.   Solutions  of  varying  water  content  up  to 
about  fifteen  percent  were  m.ade  up  by  v/eighing,  and  the  spe- 
cific gravity  of  tiiese  solutions  deteridnec,  giving  t]:e  curve 
represented  in  Graph  III.    The  pyhnometers  were  immersed  in 
a  thermostat  controlled  to  .05  C.  imtil  constant  volume  of 
the  liquid.   The  chechs  given  below  were  always  made  using 
a  different  pylaiometer  for  a  solutior. .   The  'Specific  gravities'' 
determined  are  referred  to  v/ater  at  20.2°  -  tlie  tem/oerature 


of  the  thermostat  used. 
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TABLS   III 


V/eight  i-  HgO 


/O    Jig*. 


m 

•Dvlmon. 


//t.  water 
in. same 
pylcnora. 


sp.gr.   sp.gr. 


24.5580   25.0562 


28.3097   31.9565 


27.4695   34.8865 


27.6961   27.9759 


24.5436   26.0519 


28.3136   32.7633 


8.1129 

10.0060 

.81066 

74. 

,5365 

1.00 

4.0499 

4.9960 

.81066 

8.1823 

9.9460 

.82268 

79. 

.5057 

7.12 

4.1099 

4.9960 

.82264 

4.1814 

4.9960 

.83695 

77, 

.6084 

14.79 

8.3755 

10.0080 

.83690 

8.0522 

9.9460 

.80958 

77, 

.8327 

0.56 

8.102C 

10.0080 

.80955 

4.0700 

4.9960 

.81465 

74, 

.6411 

3.01 

8.1530 

10.0080 

.81467 

8.2664 

10.0080 

.82600 

78, 

.5322 

8.86 

4.1269 

4.9960 

.82604 

,81066 


82266 


5693 


80957 


81466 


.82602 


Shese  values  are  given  on  the  Graph,  which  ivould  have  to 
"be  much  enlarged  in  order  to  read  oi'x  accurately  the  percentage 
of  water  from  the  specific  gravity  determined.   The  ^raph  is 
given  merely  in  order  to  determine  some  other  values  later  on 
hy  extrapolation. 
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3::rperinents  v/ere  now  made  at  1°,  26.2°,  50°  oi  adsorption 
ox  the  water  by  the  silica  gel.   The  ilas>s  were  allowed  to  re- 
main at  the  temperatTrre,  with  very  frequent  shahing,  for  at 
least  four  hours.   Determination  of  specific  gravity  after  this 
time  showed  that  four  liours  was  more  than  sufficient  time  for 
equilibrium  to  be  attainec".   The  liqiiid  was  then  carefully 
suclted  into  trie  v/eighed  Ostwald  pyknoraeter,  immersed  in  the  tiier- 
mostat  until  constant  volume,  and  weighed.   The  results  are 
given  in  detail  in  the  follov/ing  tables.   IPor  the  curves,  tlie 
equilibriiun  concentrations  in  percent  were  plotted  against  the 
grams  of  v^ater  adsorbed  "oer  ^ram.  of  gel. 
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TABLIil  IV 


26.2' 


%  HgO 


Gms.   Gms.HgO    Gms.   sp.gr 

present    2;el    eci-  iron 

solu.   in  solu.   auded  mixture  Curve 
(  checiiodj 


Gns .    Gns . 
HgO  at  H2O 
ijiid   Ad  3  or  D. 


33,3598  C.3083  1.4673  .81028 

33.3754  0.9757  1.1967  .81413 

22.2582  1.7361  1.3284  .82286 

33.4693  2.9753  1.3526  .82511 

33.5144  4.9708  1.2144  .83600 

33.3741  0.3331  1.3664  .81043 

34.2538  2.4888-  1.4402  .82226 


■  0.83  0.2769  .0314 

2.76  0.9212  .0545 

7.24  1.6115  .1246 

.  8.44  2.8248  .1505 

14.25  4.7757  .1951 

.  0.92  0.3070  .0261 

6.90  2.3635  .1253 


33.5783   4.9856  1.8097   .83551    14.00   4.7009   .2847 


.0214 
.0455 
.0938 
.1113 
.1607 
.0191 
.0870 
.1573 


Pure  "butyl  alcohol  was  found  to  have  a  specific  gravity  0: 


.80850  Ij:^ 
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^or  1°  and  50°,  data  is  given  in  the  following  ta"ble, 
TABL3  V 


Tera-o.  ^  HpO  ea.            - 

1°  6.75  .1020 

1°  0.40  .0235 

1°  1.05  .0500 

1°  4.80  .0812 

1°  14.04  .1620 

1°  12.60  .1568 

50°  6.75  .0859 

50°  4.83  .0618 

50°  2.10  .0314 

50°  10.17  .1083 

50°  13.87  .1460 


ThG  results  are  plotted  in  Graph  IV.   Only  the  results  at 
26.1°  are  of  much  valiie,  however,  for  the  calculation  of  Sq, 
since  th.e  V-r  water  vapor  curve,  of  Graph  I,  was  deterT::iined 
for  50°. 

IJow,  values  of  ^  frora  table  IV  (v/liich  can  "be  assumed 

V  \ 

equal  to  ^  for  this  c ale-halation] are  applied  to  the  water 

vapor  curve,  and  values  of  r  corresponding  are  found,  from 
which  in  turn  Sq  can  be  calciilated  by  equation  (11)  . 
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Before  concluding  the  experimental  part,  some  few  further 
determinations  must  be  described  whicli  will  be  xised  later  in 
tlie  calculations. 

oolubility  data  of  n-butyl  alcohol  and  water  could  not  be 
foimd  in  the  literature,  so  this  was  determined  by  tlie  specific 
gravity  method  as  above.   V/ater  and  butyl  alcohol  were  allowed 
to  stand  in  contact  with  each  other  at  1   and  £6.2°  for  several 
hours  with  frequent  shaking.   After  equilibrivm  was  attained, 
a  sam-iile  of  the  butyl  alcoliol  layer  v/as  pipetted  off  and  tested 
for  specific  gravity. 

TABI.S  VI 


Butyl  Alcohol  Layer 


I'emp. 

n  0 


sp.    gr. 

io  H,0 

.84330 

17.8 

.84614 

19.5 

An  approximate  value  for  the  critical  solution  tempera- 
ture was  determined  by  heating  some  butyl  alcohol  and  water  in 
a  closed  tube  in  a  bath  until  the  alcohol  -  water  meniscus 
disappeared.   The  tube  v/as  then  shahen  and  allowed  to  cool  slow- 
ly in  a  bath  with  an  accurate  thermometer  imtil  the  first  hazi- 
ness appeared,  when  the  temperature  was  noted.   This  was  found 
to  be  134.8°  -  very  close  to  the  value  for  iso-butyl  alcohol 
(131.5°).   This  is  to  be  expected,  inasmuch  as  the  physical 
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properties  in  general  of  normal  and  iso-butyl  alcohols  are 
very  similar;  whereas  the  secondary  has  quite  different  pjiy- 
sical  properties. 
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CALGULATIOIIS. 

In  order  to  calcnlate  3  ,  we  use  the  equation  "before 

derived: 

So      2  M  (T  lo'^i. 4:34:3) 
log  —  ~ 


D^  R  T  r 

The  question  naturally  arises,  what  valiie  are  wo  to  use 
for  iT   r  "the  surface^  or,  in  this  case,  the  interfacial  ten- 
sion.  There  are  two  possibilities,  depending'  upon  whether  we 
assuine  the  v/ater  separating:  out  in  the  capillaries  is  pure 
water  or  water  containing  a  certain  arnoimt  of  dissolved  'butjT'l 
alcohol. 

a 

'.Ye  have  the  realtion 

(5,.  =  (rJ  -ffj- '12) 

where 

Osv./  =  interfacial  tension  of  butyl  alcohol  and  water 

O'^   =   surface  tension  of  water  saturated  with  butyl 
alcohol 
( 
^e   =  surface  tension  of  butyl  alcohol  saturated  with 
v/ater. 

V/e  also  knov/  that  a  capillary  active  substance  lowers  the 
surface  tension  niiich  nore  than  a  capillary  inactive  substance 

1.   Freundlich  -  Ilapillarchemie,   p.  132. 


\ 


V 
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raises  it.   This  condition  is  Prenerally  represented  by  the 
curve  A  on  graph  Y 

According  to  the  curve,  then, and  equation  (12)  if  the 
phase  v/hich  separates  out  is  pure  v/ater,  then  O^v/  will  be 
approximately  75  -  25 , say  or  about  50;  but  if  the  phase  is 
water  containing  its  dissolved  butyl  alcohol,  then  the  inter- 
facial  tension  would  be  say,  about  30  -  25  or  about  5. 

.Thich  value  to  use  becomes  very  evident  upon  consulting 
the  values  in  table  IV,  which  represent  the  arnomit  of  water 
reraoved  by  the  adsorption.   In  all  cases,  this  is  very  slight, 
amounting  to  about  .2  gran  of  water  from  a  solution  containing 
5  grams  of  water  (see  last  experiment,  table  IV).   This  in- 
dicates that  the  interfacial  tension  must  be  very  small  indeed, 
else  much  more  v/ater  would  be  removed.   Hence  we  are  justified 
in  assuming  that  the  water  in  the  gel  -  at  least  at  the  sur- 
face of  the  pore  -  contains  its  quota  of  dissolved  alcohol. 
Unfortunately,  however,  the  surface  tensions  Ow     and  CTp   have 
not  been  v;orI:ed  out.   In  lieu  of  this,  and  the  fact  that  iso 
butyl  alcohol  is  very  similar  to  n-butyl  alcohol,  v/e  will  use 
Antonow's  ^     value  of  the  interfacial  tension  (  (Jew)      1.76. 
./e  will  use  1.8  for  (T  in  our  formula. 

1.   Antonow  -  J.  d.  Chim.  Phys.  5  372,  1907 
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The  values  used 

to  calculate  Sq  according  to  oqn.ation 

(11)  are: 

1.1 

= 

18 

(T 

= 

1.8 

Di 

= 

1 

R 

= 

8.5  X  IC"^ 

T 

= 

298 

r 

= 

see  taLle  following 

S 

= 

equlll'briiim  concentration  oi  HoO 

from  table  IV. 
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TABLIJ  VII 
25° 


(taole        rO^/)frorn 
J         Graph  I 


IV 


H2O  curve 


S 

(table 

IV  : 


log  —       log 

3 


lo.^  S. 


,0214 
,C455 
.0938 
.1113 
.1607 
,0191 
.0870 
.1573 


23 

0.83 

35 

2.76 

56 

7.24 

63 

8.44 

87 

14.25 

21 

0.92 

.53 

6.90 

85 

14.00 

.04877  1.91908  1.96785  0.929 

.05205  0.44091  0.47296  2.971 

.02003  0.85974  0.87977  7.582 

.01781  0.92634  0.94415  8.793 

.01289  1.15381  1.16670  14.680 

.05342  1.96379  0.01721  1.040 

.02117  0.83885  0.86002  7.245 

.01320  1.14613  1.15933  14.433 


?rorn  this   taole   it   is   seen  that   3^   is  not   a   constant,    but 
increases  regularly  v/ith  the   equilibriun  concentration.      How- 
ever,   in  all   cases,    it   is  less   than  the   saturation  value,    which 
has  been  determined  at   26.2°   and  found  to  be  19.5'^j   ( 3ee   table 
VI)  .      That   is   to   say,    as  vie  have   e:q)lained   in  the   theoretical 
coiisiderations,    the   "solution  pov/er"    of  butyl   alcohol   for  v/ater 
is   less  than  would  be   indicated  by  the  amount   of  water  as   given 
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ty  the  usual  solubility  -19.5/S. 

Before  discussing  the  various  factors  affecting  this 
"constant",  another  calculation  must  "be  made.   Inasmuch  as 
the  theoretical  formula  is  entirely  new,  and  complicated  with 
so  many  factors,  it  was  decided  to  calculate  3q  by  the  old 
enipiric  adsorption  formula  of  Patrick  and  IIcGavacI: 

However,  since  we  have  three  imlmovAis  in  this  enuation:  Z,  Sq, 
^,  we  must  resort  to  ti<e   follov/ing  mathematical  treatment. 
Putting  the  equation  in  logaritlimic  form,  we  have 

log  V  =  i  log  (SO-)  +  (log  i:  -  i-  log  Sp)  ---(13) 

where,  if  we  plot  log  V  against  log  (30"),  a  straiglit  line 
should  he  ootained  -.vith  a  slope  of  —  and  an  intercept  on  the 
log  Y  axis  of  (log  2  -  —  log  3^)  .   The  follov/ing  tahle  gives 
this  calculation.   The  volumes  (V)  and  concentrations  (S)  are 
read  from  the  curve  at  25°  on  Granh  IV. 
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TABLE  VIII 

(Tz   2 

T  =   25° 

V 

log  V 

s(%) 

Sir 

log(Sor) 

.025 

•^-^  1.60206 

1.15 

2.30 

0.36173 

.050 

^      1.30103 

3.12 

6.24 

0.79510 

.075 

1.12494 

5.25 

10.50 

1.02119 

.100 

1.00000 

7.65 

15.30 

1.10469 

.125 

^      0.90309 

IC .  20 

20.40 

1.30963 

.150 

*'■  -   0.0 25 91 

13.00 

26. OC 

1.41497 
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?or  1      and   50     the   values   oi   log  V  and  log   o^calcu- 
lated  from  t]ie   c-arvea   are: 


TABL3  IX 


2.8   at   1' 


a  =  1.5   at   500 


Temp. 


lo^ 


loo  ^S<r) 


1" 
500 
50° 
50° 

50° 
50° 

50° 


-1.60206 

-  I.SCIOS 

-  1.12494 
"■  1.00000 

~   0.90509 

-  C.82S91 
1.60206 
1.30105 
1.12494 

-  i . 00000 
0.90509 

•       0.82591 


0.32222 
0.84510 
1.10057 
1.27600 
1.41162 
1 . 52114 
0.35216 
0.75051 
0.96237 
1.11628 
1.23147 
1 . 33041 


The   values   of  t^    for  1      and    50     wore   approximated  from 
the   curve   on   Graph  VIII,    v/iiich  see  later. 


The   atove  values  given  in  tables  VIII  and   Ia  are  plotted 
on  Graph  VI.      oq  is   foimd  as   follov/s: 
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By  measuring  the  slope  form  the  curves,  -  for  the  25 

curve,  v;e  have 

-  =   .767 


^-»v  0 

Yq     -     JLCr  or     i:  z     T- 

where  V  -  .2  cc.   approximately.   This  v^.lue  ,2  cc.  is  found 
hj;  extrapolating-  t2ie  25°  isotherm  on  graph  IV.   If  this  is 
done,  it  is  seen  that  when  3  -is  a  concentration  of  19.5/'j,  the 
volur.ie  of  v/ater  corresponding  is  ahout  ,2  cc.   IIow,  accord- 
ing to  tahle  VI,  19,5^o  is  the  saturation  value  for  "butyl  al- 
cohol at  25°.   It  is  to  be  ezcpected  that  the  conical  capillar- 
ies will  fill  to  different  voliLmes,  depending  upon  t:io  val'ae 
of  the  intorfacial  tension.   Thus  in  the  case  of  the  system 
under  consideration  -  tkilt  is,  one  in  which  the  interfaci&l 
tension  is  very   lov/  -  it  is  entirely  prohahle  that  the  capil- 
lary effect  would  cease  at  a  sm.ailer  radius  of  the  conical 
ca:;^illaries,  therefore  giving  a  less  value  for  Vq  than  with  ad- 
sorption  of  a  pure  substance,  sixch  as  siilfur  dioxide.   Por 
purposes  of  approximation,  however,  we  will  proceed: 
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Then       K 


^.767 


ulaence     lop;  K     z     0.92986 
^ind,    from  equation    (15) 
5.92986    -    .767   1 
vfhexe   -  1.9   is  the  noasiired  intercept   oi   the   curve. 
Violence      S^      =     18.88 

Jinilar  calculations   on  the  two   other   curves   give  data 
expressed   in  the   follov/ing  tatle    (usin^:  V^   =    .2   throughout)  . 

1  " 

Temp.  ~  log  2  3^ 

1°         .665      0.99635      17.74 
25°         .767      C. 92986      18.88  ' 
50°         .815      0.84213      20.14 

Av  z  13.92 

This  gives  us  a  nore  "constant''  value  of  18.92  still  less 
than  the  ordinary  solubility  -  19.5/j  . 
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PUHTEiS  TH3032:[riC;iL  C0II3ID::]?JiTI0LT,3 

In  ordor  to  see  what  value  S-  v/oiild  have  for  liquids 
raiaci'Dle  in  all  proportions,  data  on  the  adsorption  of  n-butyl 
alcohol  from  benzene^  was  used  to  substitute  in  equation  (11) . 

In  this  system,  the  butyl  alcohol  is  adsorbec .   Inasmuch 
as  biityl  alcohol  lov/ors  the  surface  tension  of  benzene,  the 
butyl  alcohol  layer  -  containing  some  benzene  -  which  separates 
out  in  the  pores  will  have  a  surface  tension  of  0^  z   23  ap- 
proximately, -  the  ordinary  surface  tension  of  butyl  alcohol 
(oee  Graph  V).   Assuiviin?  curve  3  on  CJraph  V  to  represent  the 
surface  tension  for  benzene  (  (T  ^  29.4)  and  butyl  alcohol  ((T  z   23) 
v/e  can  estimate  the  intorfacial  tensions  (J^l^  at  various  con- 
centrations -  as  given  in  the   table  below. 

TAELj]  XI 
sp.  ST.    BuOH  =  .81 


6.4  .C25  .032  .28 

6.4  .056  .069  .45 

3.7  .066  .082  .51 

1.7  .104  .129  .70 

0.3  .126  .156  .85 

0.3  .128  .159  .87 


0 

29.4 

.05 

29.4 

.35 

26.7 

.97 

24.7 

2.55 

25.3 

5.90 

23.3 

r  is  taiien  as  usual  from  f/ater  vapor  resists  on  r:raph  I. 
ITrom  the  values  ox  r  and  (f 
to  eouation  (11),  -  resiilts  ,-iven  in  next  ta'de. 


TABLE 

XII 

S 

log  3 

log  So 

So 

e. 73195 
C. 45545 

2.69897 

9.15442 

0.1427 

0.23232 

1.54407 

9.77639 

0.5976 

0.07777 

1.98677 

0.06454 

1.1600 

0.01130 

0.40654 

0.41784 

2.6170 

0.01104 

0.77085 

0.78189 

6.0520 

Here,  we  se  that,  although  benzene  and  hutyl  alcohol  are 
niscihle  in  all  proportions,  we  ohtain  a  definite  value  for 
Sq  tj   no  means  near  infinity  i 

Considering  again  the  vali 
one  notices  that  there  is  a  constant  gradation  in  proportion 
to  the  equilihriun  concentration.   Trom  the  factors  hearing 


theoretical  consideration  under  sizlfur  dioxide  -  the  most  proh- 
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douttecly  siirface  tension  and  density.   Inasmuch  as  density 
effects  'both  sides  of  the  equation,  i.e.  since  it  is  used 
to  calculate  both  r  and  3q  ,  it  is  difficult  to  predict  the 
direction  of  a  correction  applied  to  it.   The  surface  tension, 
however,  is  v/ithout  douht  j^reater  in  capillaries,  inasmuch  as 
condensation  talies  place  helov;  the  saturation  pressure.   That 
is  to  say,  the  critical  temperature  in  a  capillary  system 
must  be  higher  in  order  to  have  this  capillary  condensation. 
How,  if  the  critical  temperature  is  higher,  the  surface  tension 
mu.st  be  higlier,  according  to  the  ordinary  (T  -T  curves.   An 
idea  of  how  this  increase  in  surface  tension  may  be  appro:cimate- 
ly  estimated,  is  given  by  the  following  discussion: 

According  to  table  VI,  the  am.ount  of  water  at  saturation 
in  butyl  alcohol  at  1°  and  25  °  is  17.8  and  19.5  %  respec- 
tively.  These  two  points  on  a  T  -composition  diagram  are  plot- 
ted on  Graph  VII,  as  a  and  b.   Curve  B  represents  the  phase 
relationships  for  iso  butyl  alcohol,  and  curve  A  for  sec.  butyl 
alcohol,  the  data  being  taken  from  Landolt  -  Bbrnstein.   Iso 
butyl  alcohol  has  a  C.  J.  T.  of  131.5°,  sec.  butyl  of  107°  and 
we  have  estimated  that  of  n-butyl  to  be  154.8°  -  point  c.   Con- 
-n€cting  points  a,  b  and  c  in  a  smooth  ciurve  similar  to  that  of 
iso  butyl  alcohol,  v/e  obtain  the  curve  desired  -  Curve  C. 

How  accordinp;  to  the  curves  on  Sra-nh  IV,  let  us  read  off 
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the  equilibrium  concentrations  corresponding  to  —  or  Y  =  .025, 

.05,  .075,  .100,  .125  and  .150  -  for  the  three  curves.   The 

eauilibriiini  concentrations  ()5  HoO)  read  as  abscissae  for  —  =  .025 

give  us  th-Lree  points,  which,  ii  plotted  on  Graph  VII,  give  us 

curve  1  .   llov/,  this  curve,  when  drawn  parallel  to  the  ordinary 

curve  C,  represents  the  phase  conditions  v/hich  would  result  if 

crianges  are  produced  in  capillaries  which  correspond  to  a  vol- 

vne   adsorbed  of  .025  cc.   Liliewise,  for  —  -  .05,  three  more 

m 

points  are  obtained  giving  curve  2  for  somewhat  larger  capil- 
laries.  '.Ve  thus  obtain  the  series  o-'  curves  as  drawn.   Tan- 
gents to  these  curves,  parallel  to  the  composition  axis  will 
cut  the  temperature  axis  in  points  which  should  be  the  critical 
solution  temperatures  obtained  in  the  capillary  systems.   For 
the   smallest  capillary  val\ie,  corresponding  to  an  —  of  .025  cc, 
153°  is  obtained  as  the  ne'w  critical  temperature. 

In  Graph  YIII,  Curve  A  represents  the  0"  -tT  curve  for 
n-butyl  alcohol  and  water.   This  curve  was  dravm  between 

(X   =  l.S  at  25°  and   (T  :  0  at  134.8°,  the  C.  3.  T.    Plot- 
ting our  nev;  valiie  for  the  C.  J.  T.  and  drawing  curve  B  parallel 
to  curve  A,  vie   find  ov.t   nev/  value  of  0^     to  be  2.3, 

If  this  correction  be  applied  to  recalculate  Sq,  only  a 
very  slight  change  is  produced;  but  this  is  because  the  inter- 
facial  tension  was  dnly  verj*  small  to  begin  with.   V/ith  siib- 
stances  showing  a  hir-.-h  surface  or  interfacial  tension  imder 
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ordinary  oonditions,  the  correction  to  apply  v/ould  te  maoh 
larger.    In  case  of  gaseous  adsorption,  a  similar  method  as 
above  oould^ applied,  using  the  T  -density  curve  instead  of 
the  T- composition  curve. 
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